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SECTION  I 
PURPOSE 

Hk*  overall  ohjeetive  of  the  program  is  to  implement  e-beam  writing  teehnology  for  the 
fabrication  of  mierocirciiits.  The  technical  and  economic  impact  of  electron  beam  direct  slice 
printing  will  be  demonstrated  on  25lvbit  bipolar  RAMs.  The  elimination  of  mask  masters,  masks, 
and  the  masking  process  will  eliminate  the  most  significant  source  of  yield  loss.  This  will  permit 
greater  circuit  design  complexity  and  llexibility  which  will  lead  to  lower  device  costs  with  increased 
reliability.  The  complete  implementation  program  is  divided  into  three  tasks.  Task  A,  Yield 
Improvement  Through  Direct  E-Beam  Writing,  is  directed  toward  developing  the  manufacturing 
technology  required  for  e-bcam  writing  with  existing  cxiuipment  and  existing  resist  processes  and 
demonstrating  the  yield  benefits  of  this  technkiue.  Task  B.  Cost  Reduction  for  E-beam  Writing 
Through  High  Speed  Resist  Implementation,  is  directed  toward  implementing  identified  high  speed 
e-beam  resists  in  order  to  significantly  decrease  cycle  time  and  thus  reduce  the  1C  bar  cost.  Task  C , 
Cost  Reduction  for  E-Beam  Writing  Through  Automatic  Beam  Diameter  C'ontrol  and  Automatic 
Handling,  is  directed  toward  utilizing  EBMlll’s  capability  of  computer-controlled  beam  size  (large 
and  small)  on  high  density  circuit  t*;0.1  mil)  geometries.  This  program  also  included 
implementation  of  an  automated  handling  system  for  slices  to  reduce  cycle  time  and  thus  turther 
reduce  bar  cost. 
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SECTION  II 

NARRATIVE  AND  DATA 


A.  SCHOTTKY  BIPOLAR  RAM  PROCESSING 

1 . Introduction 

There  are  many  possible  bipolar  processes  that  could  be  used  in  conjunction  with  e-beam 
pattern  definition  to  build  memory  devices.  Among  those  are  dielectric  isolation,  isoplanar,  etc. 
While  all  of  these  processes  have  merit,  the  process  chosen  for  this  program  will  be  the  junction 
isolation  double-level  metal  Schottky  process  which  is  used  by  Texas  Instruments  in  building  the 
54S/74S  series  of  RAMs. 

2.  Process  Description 

The  process  to  be  used  is  outlined  in  Table  1 and  Figure  1.  Some  procedures  such  as  clean-ups 
and  etches  are  omitted  from  the  table  but  of  course  are  used  and  are  typical  of  good  production 
practice. 


Table  I.  Schottky  Bipolar  RAM  Process 


1) 

Substrate 

14) 

Base  drive 

21 

Initial  Oxidation 

15) 

Emitter  oxide  removal 

3) 

DDF  oxkJe  removal 

16) 

Emitter  deposition  and  drive 

4) 

DUF  deposition 

17) 

Contact  oxide  removal 

5) 

DUF  drive 

13) 

Platinum  deposition 

6) 

Strip  oxide 

19) 

Alloy  platinum 

7) 

Epitaxir!  layer 

20) 

TiAN,  Aluminum  deposition 

8) 

Second  oxidation 

21) 

Metal  removal  (Leads  1) 
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Isolation  oxide  removal 

22) 

Dielectric  deposition 

10) 

Isolation  deposition 

23) 

Vias 

11) 

Isolation  drive 

24) 

Aluminum  deposition 

12) 

Base  oxide  removal 

25) 

Metal  removal  (Leads  III 

13) 

Base  deposition 

26) 

Sinter  metal 

t ' 

i 

"a- 


HOClUMa  PiOB  iUJM. 


Kcsisl  aiul  t'ti'h  Jiolcclion 


Ixci'pl  lor  inot.illi/.ilion,  llio  patterning  steps  sliown  above  involve  eleliing  between  2(H)0  A 
anil  10.000  A ot  SiOi.  Heeaiise  plasma  eteh  rales  ol  SiOv  are  low  ami  resist  lifeliines  are  liniileil  in 
tlie  plasma  environment,  we  mleml  to  eteh  SiO-.  using  eommon  bultereil  Mb  solutions.  Our 
renuiremenls  lor  eleetron  resists  are  thus  ilommateil  by  two  laetors;  1)  high  speeil  t>2..'' 
ami  2)  gooil  ailhesion  to  SiOs  lor  wet  ehemieal  elehing.  .Among  the  resists  that  we  have  investigated 
whose  sensitivities  are  greater  than  2.5  . we  have  demonstrated  good  ovide  patterning 

eapabihlv  with  polybutene  sullone  tPHSl  resist.  I'urther.  I’BS.  being  a positive  resist,  leads  to 
ailvantages  m minimi/ing  area  seanneil  and  inereasing  througli(nit  tor  most  i>t  the  pattern  levels. 

Metallization  lor  the  2.^o-bil  RAM  will  be  two  levels  of  metal  separated  by  a dieleetrie.  The 
I'irst  level  will  be  I'l-W  AI  and  the  seeoiul  level  w'ill  be  pure  .Al. 

J’BS  eannol  be  used  as  a pl.isnia  eteh  mask  .iml  there  are  no  other  high-speed  positive  resists 
available.  We  will  Iherelore  use  the  negative  resist  ri.''0‘>.  whieh  has  a sensitivity  of  ^ 2..^  uf  vni". 
Si>me  experimental  results  have  been  eompleteil  whieh  show  that  .Al  ean  be  plasma  etehed  using 
ri.t(b>  as  a mask,  however,  we  will  not  attempt  to  eteh  the  first  level  of  melalli/ation  using  a 
plasma,  riasma  etehmg  gives  very  sleep  steps  in  the  etehed  material  and  would  make  seeoiul  level 
metal  eoverage  impossible.  .Any  attempts  at  plasma  elehing  aluminum  will  be  restrieted  to  the 
se-eond  level  of  metalli/alion.  If  diffieulty  arises  in  trying  to  plasma  eteh  the  seeoiul  level  of 
melalli/alion.  the  wet  ehemieal  etehanls.  whieh  will  be  used  on  the  first  metalli/ation  level,  ean  be 
substituted. 


Resist  proeessmg  will  be  done  on  eompletely  automated,  eassette  lo.uled  spin  eoalers  ami 
developers,  fliis  will  provide  maviniuni  throiighpnl  ami  reprodiieibility  while  minimi/ing  sliee 
hamllmg.  These  maehines  are  installed  m a hori/onlal  laminar  tlovv  elean  room  to  minimi/e 
partieulate  eontamimition.  Wet  ehemieal  proeessing  will  be  perlormed  in  vertieal  laminar  tlovv  elean 
hoods  inslalleil  m this  s.ime  room. 


The  feasibility  of  IR  baking  for  eleetron  resist  proeessing  will  be  demonstrated.  I'assette  lo.uled 
ovens  with  bell  drive  through  three  temperature  /ones  and  nitrogen  air  eurtains  will  be  used.  The 
w.ifers  will  loail  individually  onto  the  belt  .uul  laee  the  IR  emittei's  ilireelly . 


B.  SCHOTTKY  BIPOLAR  RAM  DESIGN 


1 . Inputs 

ri>c  circuit  schematic  lor  all  of  the  inputs  is  shown  in  I'igure  2.  I'his  circuitry  was  Jesigned  to 
give  very  low  high-  and  low-level  input  currents  and  very  high  perl'orinance.  Hie  low  input  currents 
allow  higher  fan-out  capability  in  an  entire  nieinory  system.  The  use  of  Schottky  diodes  and 
transistors  in  the  inputs  increases  the  performance  over  non-Schottky  devices.  The  inputs  also  have 
clamp  diodes  to  protect  the  circuitry  if  the  input  voltage  should  go  negative. 

2.  Output 

The  circuit  schematic  for  the  output  is  shown  in  f igure  .T  I'he  open-collector  output  permits 
connection  of  one,  or  for  larger  word  capacities,  a number  of  outputs  to  a common  bus  through  a 
single  pull-up  termination. 


Vec 
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Figure  2.  Input  Circuitry 
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OUTPUT 


Figure  .V  Oulpiil  Circuitry 
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3.  Memory  Cell 

riie  circuit  scltcniatic  for  the  memory  cell  is  shown  in  Figure  4.  The  cell  is  hasiciilly  two 
cross-couplcd  inverters  ami  two  sense  diodes.  Information  is  written  into  the  cell  or  read  from  the 
cell  along  the  sense  lines.  The  cell  is  enabled  or  disabled  using  the  word  line.  When  the  word  line  is 
low,  information  can  be  read  from  or  written  into  the  cell.  When  the  word  line  is  in  a liigh  state  the 
cell  is  disabled  and  no  information  can  be  read  or  written. 

4.  System  Design 

The  1C  is  a single  monolithic  integrated  circuit  containing  a 25(i-word  by  l-bit  fully  static 
random  access  non-dcstructive  readout  memory.  The  memory  if  fully  decoded  requires  only 
8 address  lines  to  select  one  of  25b  storage  loeations.  .'Vn  additional  line,  write  enable,  is  provided  to 
enable  the  memory  to  modify  the  stored  data.  Separate  Data  Input  and  Data  Output  lines  arc 
provided  for  minimum  interaction  between  input  and  output  functions.  Three  chip  enable  lines  are 
provided  to  simplify  the  decoding  required  to  achieve  the  desired  system. 
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WORD 
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SENSE 
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SENSE 


Figure  4.  Memory  Cell 

Tlie  h;isic  logie  iluignim  is  slmwn  in  I'igure  5.  1 ho  nioinory  m;ilri\  is  org;ini/od  in  ;in  arr;iy  of 
I (>  rows  unil  Ihoolninns.  I'lio  aililross  inputs  A.  B,  (’  aiul  II  go  a 4-to-l(i  lino  ilooodor  and 
dolormino  tlio  inoniory  ooluinn  solootod.  I'lio  addross  inputs  D.  h,  I'  and  (I  go  to  a 4-to-l6  lino 
docodor  and  dolormino  tho  inoniory  row  solootod,  I'lio  logioal  oporatioiial  iiuhIo  (truth  lahlo)  is 
shown  in  Tahio  II. 

5.  Terminal  Conneetiuns 

I'lio  torniinal  oonneolions  lor  the  2.S(>-hit  RAM  are  shown  in  Figuro  P. 
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C.  ELECTRICAL  TESTING 


Electrical  testing  for  the  256-bit  RAM  will  be  accoiiiplisheil  using  existing  automatic  test 
systems  at  Texas  Instruments.  Ihe  basic  eiiuipment  proposed  for  the  test  is  the  High  Speed 
Measurement  (HSM)  System  and  the  Numerical  l-xerciser  for  Memories  (Nl-M). 

The  HSM  will  be  used  to  test  the  memories  while  they  are  in  slice  form.  It  will  perform  all  the 
dc  tests  .such  as  l(■(’.  Vqj  . Iq||.  etc.  and  will  also  do  functional  testing  on  the  memory  cells  and 
peripheral  circuitry. 

The  Nl-M  will  be  used  to  test  the  memories  after  they  have  been  packaged.  Programming  of 
the  NEM  is  accomplished  with  a RAM  memory  supplying  instructions  for  support  as  well  as  test 
instructions  to  implement  exercise  algorithms.  Some  of  the  algorithms  presently  in  the  software 
library  are  as  follows; 


(a) 

Write  a zero  in  each  device  location  ( 1 . 2.  .V 

, . . N) 

(b) 

Read  ami  verify  a zero  ii 

' each  location  (1,2 

. . N) 

(c) 

Write  a one  in  each  devic 

e location  (1,2,.^. 

. . N) 

(d) 

Read  and  verify  a one  in 

each  location  (1,2, 

.V  . , N) 

(a) 

Read  a one  in  first  cell. 

write  back  a zero. 

and  read  a 

zero. 

Repeat  process  for 

all  cells!  1,  2,  .)  . . . N) 

i 

(b) 

Read  a zero  in  the  first 

cell,  write  back  a one,  and  re 

ad  a one.  Rei'eat  process 

for  all  cells  ( 1 , 2, . N) 

(c) 

Repeat  (a)  backwards 

last  cell  first.  (N,  N- 

1,  N-2  . . . 

n 

(d) 

Repeal  (b)  backwards 

last  cell  first.  (N,  N 

■l.N-2  . . . 

1) 

.f)  Access  0-1-0:  I his  algi>rithm  starts  with  a memory  full  of  zeros  and  a 1 in  location  0. 
Begin  by  reading  a background  of  “0",  a reference  location  of  “I”  and  again  reading 
a background  of  “0”.  Repeating  this  process,  thus,  verifies  the  access  time  (address 
to  data  output)  "both  ways"  between  location  0 and  all  other  locations, 
I through  N:  then  writes  a one  into  location  1 and  verifies  its  access  time  with 
respect  to  all  remaining  locations  2 through  N;  then  reiterates  this  process  until  a 
one  is  written  into  the  final  locatimi  N,  wlu)se  accesss  limes  with  respect  to  all  other 
locations  have  already  been  verified.  Notice  that  data  out  complements  for  both 
directions  of  read  access. 
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4)  Access  1-0-1  This  test  initiali/es  the  ilevice  to  all  ones,  then  tests  individual  access 
times  by  using  the  same  getjeral  procetlnres  as  iti  test  4 above  exeejjt  that  all  data 
/ero/one  references  are  reversed.  Ibis  time  the  data  output  transitions  for  each  read 
cycle  are  1-0-1. 

.S)  Random  data  pattern  I’his  test  will  generate  a 10  bit  Ml  .S  pseudo  random  data 
seriuence  for  writing  into  and  reading  from  the  device  under  test.  The  seipience 
repeats  after  102.1  memory  cycles.  This  pattern  will  be  displayed  by  one  bit  prior  tr' 
each  write  all,  read  all  such  that  after  n loops,  the  random  pattern  will  have  been 
rotated  completely  through  memory. 

(0  Walking  Disturb:  I'his  is  the  most  thorough  single  test  of  all  present  algorithms.  It  is 
a combination  of  the  “walking  ones  and  zeros”,  access  time  verily  to  and  Irom  every 
location  and,  address  to  write  enable  set-up  check  to  and  trom  every  memory 
address.  With  the  exception  of  memory  enable/exercise,  it  will  do  an  equal  to  or 
better  than  evaluation  of  any  failure  mode  exercised  by  all  the  preceding  algorithms. 
However,  it  dws  have  a limitation;  execution  time. 

I'he  Nl-M  system  is  designed  such  that  generating  new  algorithms  is  almost  limited  to  one’s 
own  imagination. 

All  of  the  final  functional  dc  and  ac  testing  will  be  performed  on  the  NIiM.  file  memories  will 
be  tested  according  to  specification  Sf'S-.Sl?  (2/12/7(>)  and  will  meet  all  electrical  reiiuirements  ot 
that  specification. 


SECTION  111 
RESULTS 


A.  SLICE  PROCESSING 
I . General  Discussion 

Table  111  lists  the  process  step,  resist  and  etch  process  for  each  level  in  the  fabrication  process. 
The  actual  specifics  of  each  lithographic  step,  such  as  spin  speeds,  bake  temperatures,  etc.,  are  listed 
below. 


Table  III.  Process  Step.  Resist,  and  Etch  Process  for  Fabrication  Level 


Procan  Slap 


Raitst 


Etch  Procan 


Alignntant  Markers  I and  II 

DUF 

lioialton 

Base 

Emitter 

Contact 

Leads  I 

Vias 

Leads  1 1 


PMMA 

PBS 

PBS 

PBS 

PBS 

PBS 

Tl  resist  No.  309 
PBS 

Tl  resist  No.  309 


Plasma 
Bulfarad  HF 
Buffered  HF 
Buffered  MF 
Buffered  HF 
Buffered  HF 
Metex  Etch 
Ethylene  Giycol/HF 
Metex  Etch 


2.  E-Beam  Resists 

TI-309  is  a high-speed  negative  e-beam  resist  developed  in  SREL  at  Texas  Instruments  and  is 
the  material  of  choice  for  plasma  etching  of  Si.  Si:^N^.  poly  Si.  W.  Ti.  Mo.  Ta  and  Al.  It  is  also  very 
effective  for  masking  alkaline  aqueous  etches  for  Al.  Tl-309  is  a rubbery  material  and  makes  good 
coatings  from  xylene  solutions.  Curves  for  thickness  vs  spin  speed  are  shown  in  Figure  7.  The 
unexposed  material  is  thermally  sensitive  to  crosslinking  and  must  not  be  heated  above  80°C. 
Resolution  and  contrast  of  TI-309  are  very  good  when  compared  with  other  negative  e-beam  resists. 
Figure  8 shows  a plot  of  line  width  vs  dose  for  Tl-309  where  the  exposure  required  for  a nominally 
200  pinch  line  is  2.6  pC/cm^. 
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THICKNESS  (A) 


SPIN  SPEED  (RPM) 

Figure  7.  TI-309  Resist 

3.  E-Beam  Lithographic  Process 

Alignment  Markers  I and  II  Steps 

1.  Bake  - IR  («' 1(10° C 

2.  Coat  8%  PMMA  I.5K  RPM 

3.  Bake  IR(«M60‘’C 

4.  Expose 


14 


216 


210 


X 206 

i 

* 

Z 

h‘ 

£ 200 

< 


106 


100 


DOSE  ((iC/cmZ) 

Figure  8.  Line  Width  vs  Dose  — TI-309  Resist 

5.  Develop  - 65/35  4-methyl-2'pentanone/2-propanol 

6.  Bake  - IR  («M60°C 

7.  Plasma  De-scum  - 0-,  100  watts 

8.  Plasma  etch  - CF4/O2  (4%)  @ 100  watts 

9.  Clean-up  - Plasma.  10  min  Ot  300  watts 

DUF  and  Isolation  Steps 


1. 

Coat  - 

8%PMMA("  1.5K  RPM 

Bake 

lR(a'  I60°C 

3. 

Coat 

8%PMMA(«  I.5K  RPM 

4. 

Bake  - 

IR  160“C 

5. 

Ftch 

Buffered  HF  until  hack  side  clears 

<\  Rinse  and  Spin  Rinsc/l)ry 

7.  Clcan-np  Aslier.  ISminO-iO'  300  watts 

8.  Steam  sliees  5 min  O'  700‘’C' 


( 


l). 

Coat  .s  ; I’BSC'  :K  Rl’M 

i 

t 

10. 

Bake  IR(''120‘’C 

i 

. t 

1 1. 

Rxpose 

i 

i 

12. 

Develop  PBS  Developer 

- 

13. 

Bake  IRO-'^O'C 

14. 

liteh  But'fered  HF 

15. 

Rinse  and  Spin  Rinse/Dry 

16. 

Clean-up  - 2-butanone  Strip,  2-propanol  rinse,  D.l.  H-)©,  Spin  Rinse/Dry 

Base  and 

Fmitter  Steps 

1. 

Steam  Sliees  - 5 min  («'  700“C 

•> 

Coat  5%PBS(«' 2K  RPM 

3. 

Bake  1R(‘''120°C 

4. 

Eteli  Buft'ered  IIF  until  baek  side  elears 

5. 

Rinse  and  Spin  Rinse/Dry 

6. 

Bake  - IR^  120”C 

7. 

Expose 

8. 

Develop  - PBS  Developer 

9. 

Bake  - 1R6?M20'’C 

10. 

Eteh  - Buffered  HF 

11. 

Rinse  and  Spin  Rinse/Dry 

1 2.  Clean-up  - 2-butanone  Strip,  2-propanol  Rinse,  D.l.  H-)0,  Spin  Rinse/Dry 
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Contact  Steps 


1 . N ■»  bake  slices  1 5 min  (<*'  ‘lOO^C' 

2.  Coat  — phenyl  trichlorosilane  5K  RPM 

3.  Bake  IRC-MotfC 

4.  Coat  5%  PBS  2K  RPM 

5.  Bake  - IRC'  I20“C 

0.  Hxpose  P-Contacts  ami  Schottky 

7.  Develop  PBS  Developer 

8.  Bake  lR(i«'12lV’C 

Etch  - Buttered  HE 

10.  Rinse  - D.l.  H^O 

1 1 . Dry  N ■>  Box 

12.  Bake  - lR(<iM20“C 

13.  Expose  - N-Contaets 

14.  Develop  - PBS  Developer 

15.  Bake  - mis' 120“C 

16.  Etch  - Biitfered  HF 

17.  Rinse  and  Spin  Rinse/Dry 

18.  Clean-up  - 2-Butanone  Strip,  2-propanot  rinse,  D.l.  HtO,  Spin  Rinse/Dry 

Leads  I Step 

1.  Bake  IRw  loO’C 

2.  ( oat  3K  RPM 

3.  Bake  .SO'C  .Xir 

4.  Expose 

5.  Develop  Xylene/2-propanol 

6.  Bake  1R(<'  loO'C 


17 


7.  1’l.isiiKi  IV-sciini  ' mill  Oil"  UK)  waits 

S.  l ull  MoU'\  l ull 

Rinse  and  Spin  Rmse/Dry 

10.  Bake  IRC'  i:0"t' 

11.  1 tell  llydiogen  IVroxide  c' 

1 2.  Rinse  and  Spin  Rinse/Oiy 

I. '.  ( lean-iip  I’lasma.  10  min  ()•>  C'' .H)0  watts 

Vias  Step 

1 . N T bake  sliees  - 30  min  C'  450'’ C 

2.  Coat  - phenyl  trichlorosilane  & 5K  RPM 

3.  Bake  - IRC"' 160“C 

4.  Coat  - 57c  PBS  (S'  2K  RPM 

5.  Bake  - IR(«' 12t)'’C 

b.  Fxixise 

7.  Develop  - PBS  Develoivr 

8.  Bake  lRc'120‘’C 

4.  Kteh  Hlhylene  tllyeol/HF 
10.  Rinse  and  Spin  Rinse/Dry 

I I.  Clean-up  2-butanone  Strip,  2-propanol  Rinse,  D.l.  H^O,  Spin  Rinse/Dry 

Leads  II  Step 

1.  Bake  IRwlbO'C 

2.  Coat  ri.U)‘>(a'3K  RPM 

3.  Bake  SO^C  Air 

4.  Kxpiise 

5.  Develop  Xylene/2-propanol 


1 


I 

i 

I 


A 
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b. 

Bake  lRi‘*lt>0'’C 

7. 

Plasma  Oe-scum  2 min  O > 

100  watts 

8. 

Ftch  Metex  Ftcli 

0, 

Rinse  and  Spin  Rinse, 'l>r\ 

10. 

Clean-up  - Plasma.  10  min  Oi 

i<  00  watt; 

4.  Chips  at  Various  Pn)cess  Steps 

Figure  7 shows  a chip  after  the  lead  pattern  has  been  etched  in  the  first  level  metal  (Leads  U, 
Figure  10  shows  a chip  after  vias  have  been  etched  in  the  interlevel  oxide  to  permit  the  second  level 
metal  to  make  electrical  contact  with  the  first  level  metal.  Figure  1 1 shows  a chip  after  the  lead 
pattern  has  been  etched  in  the  second  level  metal  (1  eads  ML  ('ross  sections  of  a typical  device  at 
these  process  steps  are  depicted  in  F'igure  I.  I here  l eads  I . vias.  and  Leads'  ll  correspond  to 
Figures 'i,  10  and  11  respectively. 

The  photographs  shown  in  the  abo\e  listed  figures  show  the  essential  levels  and  fabrication 
steps  of  the  two-level  metal  system  this  device  employs. 

There  are  basically  two  problem  areas  associated  with  this  process.*  They  are  in  ouler  of 
importance : 

1 > Step  coverage  of  the  second  level  metal  over  the  oxide  insulated  first  level  metal,  see 

I Figure  I 1 . 

! 2)  Pinholes  in  the  oxide  insulator  over  the  first  level  metal,  see  Figure  10. 

I 

I 

The  first  problem  can  be  overtime  by  using  an  etching  proa'ss  on  the  first  level  leads  that 
ta(>ers  or  slopes  their  edges. 

I 

The  second  pixiblem  can  be  rediux'd  through  the  use  of  an  RF  plasma  deposited  oxide  for  the 
insulating  oxide  between  the  two  levels  of  metal. 


I.  A.M.  WUson  and  P.B.  llhatc.  “A  INiv  lav»l  Metal  Syatem  IVsijnfd  I oi  lat»»  Soale  Intofrated  I'lroulti".  PTiH'eodinfs  i>f  the  Third 
InieinalKtnal  Sympodum  on  Silio'n  Material*  Seienoe  and  Teehnoktgy  , *>1 .1  May  l'*T7,  Philadelphia,  Penniyliyinia. 


w 


I i«niv 


Figun?  1 1.  Chip  After  Leads  II 


5.  Adhesion  Promoters 


NVe  liave  experienced  difficulties  at  the  contact  and  vias  steps  due  to  inadeiiuate  resist  adhesion 
to  the  slice  surface.  .At  contact  O.R.  the  resist  is  spun  on  a phosphorus  “jilass”  oxide  and  at  vias  the 
resist  IS  spun  on  a plasma  oxide.  Bt>tti  of  these  oxides  etch  \er>  rapidly  and  have  a lendencv  to 
undercut. 


Two  silane  adhesion  promoters,  phenyltrichloix'silane  (Pl'C'Sf  and  hexamethyl- 
disila/ane  tllMDS).  have  been  tried  to  increase  the  PBS  adhesion  to  the  previously  mentioned 
oxides.  Ihe  success  of  these  metluxls  has  been  mixed;  however,  generally  PTCS  has  gi\en  better 
adhesion  th.-.ii  HMDS.  On  all  slices  pmcessed  to  date.  IM'CS  h;is  been  used. 


si 

i 


The  inetlHxl  in  which  these  adhesion  promoters  are  used  is  by  spinning  them  on  the  slices  prior 
to  applying  the  e-beam  resist.  The  actual  process  steps  are; 

1 . N-)  bake  slices  - 450°C-950°C  in  N2 

2.  Spin  PTCS  or  HMDS  5K  RPM 

1 

3.  Bake  slices,  IR  120°C 

4.  Coat  slices  with  PBS 

This  method  produces  the  thinnest  possible  coating  of  the  promoter  which  is  still  effective. 

6.  Status 

The  remainder  of  Lot  1 and  also  Lot  3 is  at  Leads  1 metal  removal.  Lot  5 is  at  second 
oxidation.  Lot  6 is  at  DUF  diffusion. 

B.  ELECTRICAL  TESTING 

I 

1- 

Part  of  Lot  1 has  been  through  slice  testing  on  the  HSM.  The  HSM  does  continuity,  functional 
and  DC  testing  on  the  device  in  slice  form.  None  of  the  devices  appeared  to  be  good  becau.se  of  an 
apparent  high  Vqj^  (low-lcvcl  output  voltage).  This  was  thought  at  the  time  of  measurement  to  be 
caused  by  the  resistor  in  the  base  circuit  of  the  output  transistor  limiting  the  base  current  and 
perhaps  that  the  output  transistor  had  a low  hpg,  with  a net  eftect  of  causing  a low  output  current 
and  consequent  high  Vq^. 

However,  the  real  problem  was  due  to  the  contact  resistance  of  the  HSM  test  probe  with  the 
output  terminal  of  the  device  on  the  slice.  This  was  subsequently  proven  when  units  which  failed 
this  test  at  probe  passed  after  they  were  packaged. 


Parameter 

Low-level  output  voltage  (Vq^) 
Input  low  current  dip) 

Input  higli  current  (IlH]) 

Input  higli  current  (IIH2) 

Output  leakage  current 
Input  damp  diode  voltage  (V|(^) 
Power  supply  current  (1(7(7) 

: Over  half  thr  unltJ  testeJ  didn’t  change  output  s 


Limit 

Measured 

0.45  V max 

0.65  V* 

-510/jA 

-40 

25 

0.4  uA 

1 mA 

3uA 

100  u A 

0,8  uA 

-1.5  V 

0.88  V 

145  mA 

57  inA 

during  thlii  test. 
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Electronic  Command 
Technical  Requirements 


SCS-517 
27  APRIL  1978 


Microcircuit  Digital 

256  BIT  POLAR  RANDOM  ACCESS  MEMORY  (RAM) 
Monolithic  Silicon 


1.0 


SCOPE 


1.1 


Scope 

This  specification  covers  the  requirements  for  a Schottky  clamped  monolithic 
silicon  256  words/1  bit  per  word  random  access  memory  (RAM)  with 
tri-state  output  and  three  chip  select  inputs. 


1.1.1  DEVICE  CLASS. 

Device  shall  be  Class  B as  defined  in  MIL-M-38510. 


1.1.2  ABSOLUTE  MAXIMUM  RATINGS. 


Supply  voltage  range —0.5  V dc  to  7.0  V dc 

Input  voltage  range — 1 .5  V dc  at  — 10/iA  to 

5.5  V dc 

Storage  temperature  range -65°Cto150C 

Lead  temperature  (soldering  10  seconds)  . . 300°C 
Thermal  resistance,  junction-to-case  . . . Jc  = 26°  C/W 

Thermal  resistance,  junction-to-ambient  . . Ja  = 85°  C/W 

Output  supply  voltage 0.5  V dc  to  7.0  V dc 

Output  sink  current  +10  nnA 

Maximum  power  dissipation,  Pq 853^mW  dc 

Maximum  junction  temperature,  Tj  . . . 175°C 


1.1.3 


RECOMMENDED  OPERATING  CONDITIONS. 


Supply  voltage  

Minimum  high  level  input  voltage  . . 
Maximum  low  level  input  voltage  . . 
Normalized  fanout  (each  output)  . . 
Ambient  operating  temperature  range  . 

Address  to  write  enable  setup  time 
Address  to  write  enable  hold  time  . . 
Chip  enable  to  write  enable  setup  time 
Chip  enable  to  write  enable  hold  time  . 


. 5.00  Vdcmin  to  5.5  Vdcmax 
. 2.0  Vdc 
. 0.8  Vdc 

. 40  maximum  (10  mA) 

. 0°Cto70°C 

. 10  ns  (minimum) 

. 10  ns  (minimum) 

. 10  ns  (minimum) 

. 10  ns  (minimum) 
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APPLICABLE  DOCUMENTS 


2.1  The  following  documents,  of  the  issue  in  effect  on  date  of  invitation  for  bids 
or  request  for  proposal,  form  a part  of  this  specification  to  the  extent 
specified  herein. 

SPECIFICATION 

MILITARY 

MIL-M-38510  - Microcircuits,  General  Specification  for 

STANDARD 

MILITARY 

MIL-STD-883  - Test  Methods  and  Procedures  for  Microelectronics 

(Copies  of  specifications,  standards,  drawings,  and  publications  required  by  suppliers  in 
connection  with  specific  procurement  functions  should  be  obtained  from  the  procuring 
activity  or  as  directed  by  the  contracting  officer.) 

REQUIREMENTS 

3.1  General  Requirements 

The  RAM  shall  be  a Schottky  clamped  monolithic  silicon  device  which  shall  be 
in  accordance  with  Class  B requirements  of  MIL-M-38510  and  as  specified 
herein.  In  the  event  of  conflict  between  MIL-M-38510  and  this  specification, 
this  specification  shall  govern. 

3.2  Design,  Construction  and  Physical  Dimensions 

The  design,  construction  and  physical  dimensions  shall  be  as  specified  in 
MIL-M  38510,  outline  D-2,  and  herein. 

3.2.1  LOGIC  DIAGRAM 

The  logic  diagram  shall  be  as  specified  on  Figure  1. 

3.2.2  TERMINAL  CONNECTIONS 

Terminal  connections  shall  be  as  specified  on  Figure  2. 

3.2.3  TRUTH  TABLES 

The  truth  tables  shall  be  as  specified  on  Figure  3. 

3.2.4  SCHEMATIC  CIRCUIT 

Tlir  schematic  circuit  shall  be  as  specified  on  Figure  4. 

3.3  Lead  Material  and  Finish 

Lead  material  and  finish  shall  be  in  accordance  with  MIL-M  38510. 
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3.4 


Electrical  Performance  Characteristics 


The  electrical  performance  characteristics  are  specified  in  Table  I and  apply 
over  the  full  recommended  ambient  operating  temperature  range,  unless 
otherwise  specified. 

3.5  Rebonding 

Reboi  shall  be  in  accordance  with  MIL  M-38510. 

3.6  Electrical  Test  Requirements 

Electrical  test  requirements  shall  be  as  specified  in  'Table  II  for  the  applicable 
device  type  and  device  class.  The  subgroups  of  Table  III  which  constitute  the 
minimum  electrical  test  requirements  for  screening,  qualification,  and  quality 
conformance  by  device  class  are  specified  in  Table  II  (subgroup  7 and  8 testing 
requires  only  a summary  of  attributes  data). 

4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  Inspection 

Unless  otherwise  specified  in  the  contract,  the  contractor  is  responsible  for  the 
performance  of  all  inspection  requirements  as  specified  herein.  Except  as 
otherwise  specified  in  the  contract,  the  contractor  may  use  his  own  or  any  other 
facilities  suitable  for  the  performance  of  the  inspection  requirements  specified 
herein,  unless  disapproved  by  the  Government.  The  Government  reserves  the 
right  to  perform  any  of  the  inspections  set  forth  in  the  specification  where  such 
inspections  are  deemed  necessary  to  assure  supplies  and  services  conform  to 
prescribed  requirements. 

4.2  Classification  of  Inspection 
Inspection  shall  be  classified  as  follows; 

(1 ) First  article  inspection  (does  not  include  preparation  for 
delivery).  (See  4.5). 

(2)  Quality  conformance  inspection.  (See  4.6). 

4.3  Test  Plan 

Vhe  contractor  prepared  Government-approved  test  plan,  as  cited  in  the  contract, 
shall  contain; 

(1)  Time  schedule  and  sequence  of  examinations  and  tests. 

(2)  A description  of  the  method  of  test  and  procedures. 

(3)  Identification  and  brief  description  of  each  inspection 
instrument  and  date  of  most  recent  calibration. 
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4.4  Scrsaning 

Screening  shall  be  conducted  on  all  devices  prior  to  first  article  and  quality 
conformance  inspection  and  shall  be  in  accordance  with  Class  B of  Method 
6004  of  MIL-STD-883.  The  following  additional  criteria  shall  apply: 

(1)  Test  samples  for  the  group  B bond  strength  test  specified 

in  Method  5005  of  MIL  STD-883  may.  at  the  manufacturer’s 
option,  be  randomly  selected  immediately  following  the 
internal  visual  (precap)  inspection  and  prior  to  sealing 
(See  4.6.2). 

(2)  Temperature  cycling  (Method  1010  of  MIL-STD-883). 

(a)  Omit  seal  test  as  post-test  measurement. 

(3)  Burn-in  test  (Method  1015  of  MIL-STD-883). 

(a)  Test  condition  D or  E,  using  the  circuit  shown  on 
Figure  5,  equivalent. 

(b)  Ta  = 70°C,  minimum. 

(4)  Reverse  bias  burn-in  and  interim  electrical  lest  in  accordance 
with  3.1.1 1 of  Method  5004  of  MIL-STD-883  may  be  omitted. 

(5)  Interim  and  final  electrical  test  parameters  shall  be  as  specified 
in  Table  II,  except  interim  electrical  parameters  test  prior  to 
burn-in  is  optional  at  the  discretion  of  the  manufacturer. 

(6)  External  visual  inspection  shall  not  include  measurement  of 
case  and  lead  dimensions. 

(7)  Percent  defective  allowable  (PDA).  The  PDA  is  specified  as  10 
percent  for  Class  B devices  based  on  failures  from  group  A, 
subgroup  1 test  after  cooldown  as  final  electrical  test  in 
accordance  with  Method  5004  of  MIL-STD-883,  and  with  no 
intervening  electrical  measurements.  If  interim  electrical 
parameter  tests  are  performed  prior  to  burn-in,  failures 
resulting  from  pre  burn-in  screening  may  be  excluded  from 
the  PDA.  If  interim  electrical  parameter  tests  prior  to  burn-in 
are  omitted,  then  all  screening  failures  shall  be  included  in  the 
PDA.  The  verified  failures  of  group  A,  subgroup  1 after  burn-in 
divided  by  the  total  number  of  devices  submitted  for  burn-in  in 
that  lot  shall  be  used  to  determine  the  percent  defective  for  that 
lot,  and  the  lot  shall  be  accepted  or  rejected  based  on  the  PDA 
for  the  applicable  device  class. 
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4.5 


First  Article 


First  article  inspection  shall  be  performed  by  the  contractor. 

4.5.1  FIRST  ARTICLE  UNITS 

The  contractor  shall  furnish  50  devices  for  first  article  inspection. 

4.5.2  FIRST  ARTICLE  INSPECTION 

First  article  inspections  shall  be  those  specified  herein  for  groups  A,  B, 
and  C (See  4.6.1,  4.6.2  and  4.6.3)  except  that  the  LTPD  values  shall 
not  apply  for  first  article  inspection.  All  50  devices  shall  be  subjected 
to  Group  A inspections,  no  failures  allowed.  All  50  devices  shall  be 
subjected  to  group  B,  subgroup  1 and  samples  of  7,  5,  and  5 shall  be 
subjected  to  subgroups  2,  3,  and  4 respectively  with  no  failures  allowed. 
The  remaining  33  shall  be  equally  divided  and  subjected  to  the  group  C 
tests,  no  failures  allowed. 

4.6  Quality  Conformance  Inspection 

Quality  conformance  inspection  shall  be  in  accordance  with  MIL-M-38510. 

4.6.1  GROUP  A INSPECTION 

Group  A inspection  shall  consist  of  the  test  subgroups  and  LTPD  values 

shown  in  Table  I of  Method  5005  of  MIL  STD-883  and  as  follows: 

( 1 ) Tests  shall  be  as  specified  in  Table  1 . 

(2)  Subgroups  4,  5 and  6 of  Table  I of  Method  5005  of 
MIL-STD-883  shall  be  omitted. 

4.6.2  GROUP  B INSPECTION 

Group  B inspection  shall  consist  of  the  test  subgroups  and  LTPD  values 

shown  in  Table  II  of  Method  5005  of  MIL-STD-883  and  as  follows: 
Bond  strength  test  may  be  conducted  on  samples  collected  prior  to 
sealing  (See  4.4(1)). 

4.6.3  GROUP  C INSPECTION 

Group  C inspection  shall  consist  of  the  test  subgroups  and  LTPD  values 

shown  in  Table  III  of  Method  5005  of  MIL-STD-883  and  as  follows: 

( 1 ) E nd-point  electrical  parameters  shall  be  as  specified 
in  Table  II. 

(2)  Subgroups  7 and  8 shall  be  added  to  the  Group  C 
inspection  requirements  for  Class  B devices  and  shall 
consist  of  the  tests,  conditions,  and  limits  specified 
for  subgroups  1 0 and  1 1 of  Group  A. 
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(3)  Lead  bend  in  only  one  direction  is  required  for  ^ 

initial  conditioning  prior  to  moisture  resistance 

and  salt  atmosphere  tests. 

(4)  High-temperature  storage  test  (Method  1008  of 

MIL-STD-883)  conditions:  ! 

(a)  Temperature;  150“  ± 10”C. 

I 

lb)  Duration:  1, (XX)  hours,  except  as  otherwise 
permitted  by  Appendix  B to  MIL  M-38510. 

(5)  Operating  life-test  (Method  1005  of  MIL-STD-883) 
conditions,  or  equivalent: 

(a)  Test  condition  D or  E,  using  the  circuit  shown 
on  Figure  5,  or  equivalent. 

(b)  Ta  = 70"C,  minimum 

(c)  Test  duration;  1 ,000  hours,  except  as  permitted 
by  Appendix  8 of  MIL-M-38510. 

(6)  Omit  steady-state  reverse  bias  test. 

4.7  Methods  of  Examination  and  Test 

Methods  of  examination  and  test  shall  be  as. specified  in  the  appropriate  tables  and 
as  follows: 

4.7.1  VOLTAGE  AND  CURRENT 

All  voltages  given  are  referenced  in  the  microcircuit  ground  terminal. 

Currents  given  are  conventional  current  and  positive  when  flowing 
into  the  referenced  terminal. 

4.7.2  LIFE-TEST  COOLDOWN  PROCEDURE 

When  devices  are  measured  at  25°C  following  application  of  the 
operating  life  or  burn-in  test  condition,  they  shall  be  cooled  to 
room  temperature  prior  to  removal  of  the  bias.  Alternately,  the 
bias  may  be  removed  during  cooling  if  the  case  temperature  is 
reduced  to  room  temperature  within  30  minutes  after  removal  of 
the  test  condition. 

NOTES 

6.1  Notes 

The  notes  specified  in  MIL-M  38510  are  applicable  to  this  specification. 
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Abbreviations,  Symbols,  and  Definitions 

The  abbreviations,  symbols,  and  definitions  used  herein  are  defined  in 
MIL-STO-1313,  and  as  follows: 


GND Electrical  ground  (common  terminal) 

VuB Voltage  level  at  an  input  terminal. 


Table  I.  Electrical  Performance  Characteristics 


LIMITS 

MAX. 


TSST 


SYMBOL  CONDITIONS 


MIN. 


UNIT 


Low  L*v«l 

Output  Voltag* 

VoL 

Vec  • B V,  Iql  - 20  mA,  0,n  • 4.6  V 

6 

volt 

High  Ltvol 

Output  Vottag* 

VOH 

VcC'BV.Oou,  - -10.3  mA 

2.6 

volt 

Short  Ckt 

Output  Currant 

•os 

Vec  * B.26  V 

-32 

-05 

mA 

Input  Low 

Currant 

>IL 

Vec  - B.5  V.  Vjn  - 0.5  V 

-610 

mA 

Input  High 

Current 

•iHi 

Vec  ’ 5.6  V,  V,n  - 2.4  V 

26 

pA 

Input  High 

Oioda  Voltaga 

•IH2 

Vec  - 6.6  V.V.n- 5.6  V 

1 

mA 

Input  Clantp 

Oioda  Voltaga 

V|C 

Ta  - 26^C 
•in  “ ~I8  mA 

-1.5 

volt 

Powar  Supply 

Currant 

Ice 

Vec  “ 6.26  V,  all  inputs  at  4.5  V 

CE1 , CE2,  CE3  - GNO  outputs  opan 

146 

mA 

Output  Laakaga 

•OiL 

Vec  • 6.26  V,  Vq  - 0.4  V.  Oin  - 4.6  V 

t30 

mA 

High  Impadanca  Stata 

•OZH 

Vec  ■ 6.26  V,  Vq  - 2.4  V,  0^  - 4.6  V 

i30 

mA 

AddraM  Accau  Tima 

«AA 

Saa  Nota  1 and  Figura  6(b) 

100 

ni 

Enabla  Accaa*  Tima 

»EA 

Saa  Nota  2 and  Figura  6(c) 

46 

nt 

Enabla  Racovary  Tima 

«ER 

Figura  6(dl 

35 

nt 

Minimum  Writa  Pulaa 

Width 

*WP 

Saa  Nota  3 and  Figura  6(a) 

120 

ns 

Propagation  Oalay 

Low  to  High  (From  R/WI 

IPLH 

Saa  Nota  3 and  Figura  6(f) 

110 

ns 

Propagation  Oalay 

High  to  Low  (From  R/WI 

»PHL 

Saa  Nota  3 and  Figura  6(g) 

56 

ns 

I 
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Tabic  II.  Elactricai  Tait  Raquiramanta 


MiL-aiD-aaa 

Twi 

Initrim  paramaMtt 

tPi»  burn-m)  (Method  5004) 

Fine!  •(•clrical  t«tt  parwiMteo 
(Method  6004) 

Group  A tett  tequwementi 
(Method  6005) 

Group  C eitd-potitt  electitcal 
perameteit  (Method  6006) 

Addittoiwl  electrical  nibgroutu  (or 
group  C periodic  inipectiont 

*PDA  appllaa  to  lubgroup  1 ISec.  4.4(7)  I . 


aubgroiipa  (Sea  Table  III) 

Cla«a 

devleaa 

1 


1*J4.7.9 


1.24 


10,11  ■ 

I 

? 


I 
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Table  III  Notes 


SCS-517 


NOTE  1: 

ACCESS  TIME  ALGORITHM  (galloping  ones  and  zeros) 

This  program  will  test  all  bits  in  the  array,  the  addressing,  the  interaction  between  bits,  and  pattern 
and  sequence  dependency  for  transient  performance. 

Description: 

1.  All  cells  are  loaded  with  zeros  (0  through  255). 

2.  A single  one  is  written  in  cell  number  0. 

3.  Cell  number  1 is  read  (0). 

4.  Cell  number  0 is  read  (1). 

5.  Cell  number  2 is  read  (0). 

6.  Cell  number  0 is  read  (1). 

7.  OH  number  3 is  read  (0). 

8.  The  reading  procedure  continues  back  and  forth  between  cell  0 and  next  higher 
numbered  cell  until  cell  number  255  is  reached. 

9.  Now  1 is  written  in  cell  number  1 while  rest  of  the  cells  are  filled  with  zeros.  Same 
reading  procedure  as  shown  in  step  8 is  followed.  Finally,  cell  number  255  is  filled 
with  1 and  the  same  readout  procedure  is  followed. 

Pass  execution  time:  2 (N+3N2/2)  X cycle  time 

N = 256  (cells) 

NOTE  2: 

ADDRESS  SELECT  ALGORITHM 

This  test  verifies  that  every  cell  can  actually  be  addressed. 

1.  All  cells  are  loaded  with  zeros 

2.  Cell  zero  is  read  (0) 

3.  A one  is  written  in  cell  zero 

4.  Cell  zero  is  read  (1) 

5.  Cell  one  is  read  (0) 

6.  A one  is  written  in  cell  one 
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7.  Cell  one  is  read  (1) 

8.  This  procedure  is  continued  until  cell  255  is  written  with  a one  and  read. 

9.  Steps  2 through  8 are  repeated  except  that  the  Data  is  reversed. 

PASS  EXECUTION  TIME:  (13N)  X CYCLE  TIME 

N =256 


NOTE  3: 

Checkerboard  (alternate  ones  and  zeros). 

This  program  writes  and  tests  alternate  ones  and  zeros  in  all  the  cells. 


Description: 

1 . A zero  is  written  in  cell  number  0 and  read. 

2.  A one  is  written  in  cell  number  1 and  read. 

3.  A zero  is  written  in  cell  number  2 and  read. 

4.  Same  procedure  (steps  1-3)  is  continued  until  cell  number  15  is  read  which  has  a 
one  (1). 

5.  A one  ( 1 ) is  written  and  read  in  cell  number  16.  Same  procedure  of  alternate  writing 
and  reading  of  ones  and  zeros  is  followed  until  cell  number  31  is  reached  which  has 
aO. 

6.  Now  a 0 is  written  and  read  in  cell  number  31  and  the  same  procedure  is  followed  as 
explained  in  steps  1 through  5 and  the  same  contents  of  the  previous  cell  in  every 
16th  cell  is  repeated,  until  all  the  cells  are  written  and  read. 

7.  Same  test  is  reversed  now  and  writing  and  reading  is  done  from  cell  number  255  down 
to  cell  number  0,  with  writing  a one  (1 ) initially. 

Pass  execution  Time:  (4N)  X cycle  time 

N = 256 
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INRUTS 

OUTPUT 

MODE 

ORCN 

C*« 

C*j 

••i 

Bin 

COLLECTOR 

H 

X 

X 

X 

X 

H 

NOT  SELECTED 

X 

H 

X 

X 

X 

H 

NOT  SELECTED 

X 

X 

H 

X 

X 

H 

NOT  SELECTED 

L 

L 

L 

L 

L 

H 

WRITE  "O" 

L 

L 

L 

L 

H 

H 

WRITE  -V* 

L 

L 

L 

N 

X 

Bout 

READ  DATA  FROM 

ADDRESS  LOCATION 

H*  HIGH  VOlTAQi 

L • LOW  VOLTAGI 

X • DON’T  CARt  tHIGH  OR  LOWI 


Figures.  Truth  Table  f] 
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(a)  Switching  Test  Setup 
Figure  6.  Switching  Test  Setup  and  Waveforms 


(b)  Timing  Waveforms  for  tAA 

Figure  6.  Switching  Test  Setup  and  Waveforms 


(h)  Test  Load  and  Timing  Diagram 
Figures.  Switching  Test  Setup  and  Waveforms 


